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VIDEO CAMERA COMPUTER TOUCH SCREEN SYSTEM

FIELD AND BACKGROUND OF THE INVENTION

The present invention relates to a method for entering data into a computer

and, in particular, it concerns a touch-screen data entry system.

It is known that several different methods can be used to facilitate data entry

into a computer. Frequently, input of operational commands to a computer processor

is achieved by means of a mouse or other pointing device. All pointing devices

operate by effecting movement of a cursor on the display monitor in response to a

comparable movement of the pointing device by the user. The user positions the

screen cursor at a desired location on the screen (such as an item on a pull-down menu

or a virtual "button" displayed on the screen) and then signals that the relevant

operational command be implemented by "clicking" on the mouse.

As an alternative to physical pointing devices, video-image tracking

techniques may be used to input operational commands to a processor. In these

systems, video images of the user are acquired by a single video camera, and the

images are processed so as to derive positional or other descriptive data about the

user. This data is then translated into a specific operational command, or into a

specific screen cursor location indicating a desired operational command. The user

thus moves his hand, body, or a hand-held implement, while watching the computer

screen, so as to activate desired operational commands.

Several such video-image tracking systems have been described. Thus U.S.

Patent No. 5,767,842 to Korth et al, U.S. Patent No. 5,168,531 to Siegel, U.S. Patent

No. 5,167,312 to Iura et al, and U.S. Patent No. 4,843,568 to Kreuger et al, all

describe data input systems in which a single video camera is mounted either on the

monitor and aimed at the user, or above the user and aimed down at the users hands.

The position of the users hands or body in the acquired video image is described in

terms of a set of two-dimensional XY coordinates, which are then translated into

corresponding XY coordinates on the display monitor describing the location of the

screen cursor. Alternatively, specific body gestures are recognized as corresponding to

specific operational commands. In all these systems the video camera focuses on the

user, who is located at some point distant from the display monitor.
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As such, both pointing devices and standard video-image tracking systems are

characterized by the phenomenon that the user performs a physical action, intended to

implement an operational command, at a location distant from the focus of his

attention, which of necessity is the computers display monitor rather than the users

hand. This is in contrast to the way that a real control panel (such as a light switch, a

telephone keypad, or the push-buttons of a microwave oven, as opposed to a virtual

control panel depicted on a computer monitor) is activated, whereby the user extends

his hand directly towards the focus of his attention, i.e. the control panel, and touches

it so as to activate it. In this sense, the use of pointing devices or standard video-image

tracking systems to activate a virtual control panel on. a computer screen provide poor

emulation of the natural process of control panel activation in real life.

In contrast to the above, computer touch-screen data input devices, in which

the user manipulates his hand directly on the virtual control panel depicted on the

computer screen so as to activate an operational command, allow for a natural and

intuitive method of activating virtual control panels. Several such touch-screen data

input methods have been described, all of which are characterized by the user

manipulating his hand (or a hand-held implement) on, or immediately in front of, the

computer screen.

Resistive methods utilize a low voltage current running through a resistive

coating on the screen. When an object presses against the screen, the current flow, and

thus voltage output, is altered. By monitoring changes in voltage, the location of a

touching object is determined. In a similar manner, capacitive methods measure the

change in capacitance of a screen caused by an object touching the screen, so as to

determine the location at which the screen was touched.

Infrared methods utilize a network of infrared beams in front of the screen. A
touching object disturbs this network, generating location data.

Surface-wave methods, as disclosed in U.S. Patent No. 5,591,945, send

ultrasonic waves through a specialized coating on the surface of the screen. An object

touching the screen disrupts the ultrasonic waveform and generates location data.

Force-sensor methods, as disclosed in U.S. Patent No. 5,541,372, utilize force

activated sensors on the computer screen to measure deformation of the screen when it

is touched by an object.

The above touch-screen methods, however, suffer from several deficiencies, as
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follows:

1. None of these technologies are able to discriminate between multiple

simultaneous touches, and they thus allow for only a single screen touch

at any one moment in time.

2. All of these technologies utilize dedicated hardware which is built into or

around the particular screen being used. As such, these systems are

dedicated to a particular display screen, and generally cannot easily be

transferred from one computer display screen to another. Furthermore,

once installed, these systems cannot easily be adapted to a screen of

different size to that of the screen on which the system was first

installed.

3. The specialized coatings and hardware utilized in resistive, capacitive

and surface-wave systems all disturb the transmission of free light from

the display screen, thus degrading the quality of the display image as

viewed by the user.

4. Capacitive systems require frequent calibration. In addition, an

electrically isolated object (such as a pen or a glove) cannot be sensed

when touching the screen.

5. Infra-red systems can only be implemented on flat screens, and suffer

from low resolution.

6. In addition to "location", many other attributes describe the object used

to touch a computer screen. These additional attributes, such as the size,

orientation, distance from the screen, and color of the object, could

themselves be utilized to convey data to the computer. All of the above

described systems, however, are only capable of sensing the location of

an object as it touches the screen.

To date, it has not been feasible to utilize video-image tracking technology,

which does not suffer from the deficiencies of non-video based touch-screen systems

as mentioned above, to implement touch-screen data input systems. This is because

direct video imaging of a display screen often results in graphic ambiguity and

interference with image processing functions. Consequently, for video-image tracking

to be effective the acquired images must exclude images of the display screen. As

such, the proximity of the users hand to a virtual control panel on the display screen is
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not inferable from the acquired graphic video data. As activation of operational

commands in touch-screen systems is triggered by the users hand reaching a critical

proximity to, or actual touch of, the display screen, it has not been feasible to achieve

a true touch-screen data input system based on current video-image tracking

techniques.

In dual-video tracking systems two or more video cameras are used to acquire

simultaneous images of a scene from two or more different viewpoints, as opposed to

the single viewpoint acquired by the single video camera in the video-image tracking

systems described herein above. Processing of the images acquired by dual-video

tracking systems allows the spatial locations of objects within the imaged scene to be

defined in terms of three orthogonal axes (X, Y, and Z). This is in contrast to the two

dimensional localization of imaged objects achievable by single-camera video-image

tracking systems. Dual-video tracking methods have been used in systems designed to

render three dimensional graphic depictions of imaged scenes, or to construct virtual

reality bason real-life scenes. Azarbayejani et al have described a dual-video tracking

system for recovering three-dimensional descriptions of humans from images in real

time (Azarbayejani A, Wren C, Pentland A: Real-Time 3-D Tracking of the Human

Body. In: Proceedings of IMAGE'COM 96, Bordeaux, France, May 1996, and

reported in M.I.T. Media Laboratory Perceptual Computing Section Technical Report

No. 374). The described applications of this system relate primarily to depictions of

virtual realities, avatars and telepresence, visually guided animation, and sign

language recognition. In addition, the system described by Azarbayejani et al. can be

used to transmit operational commands to a computer processor in a manner similar to

that described above for single-camera video-image tracking systems, namely, by

utilizing gesture or body position recognition. Thus in all single and dual video

tracking systems described to date, the cameras focus on the user at a location distant

from the display monitor, such that the implementation of operational commands is

achieved according to the paradigm of a pointing device rather than that of a touch

screen.

There is thus a widely recognized need for, and it would be highly

advantageous to have, a computer touch-screen data entry system which is able to

process multiple simultaneous touches, can easily be transferred from one computer

display screen to another, can easily be adapted to screens of different sizes, does not
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mechanism" is defined herein as referring to a combination of any type of video

capture system with any type of optical mechanism in such a manner as to result in the

capture of more than one simultaneous sub-image of a scene, as well as referring to a

combination of video capture mechanisms capable of capturing more than one

simultaneous sub-image of a scene without the use of an additional optical system. In

alternative embodiments of the current invention, therefore, a multi-image video

capture mechanism may include multiple video cameras which feed simultaneous

captured images of the same scene into a processor, or may include a combination of a

video camera with a fiber-optic mechanism for generating multiple simultaneous

images of the same scene.

It is the generation of multiple simultaneous images of a screen foreground,

each from a different viewpoint of that screen foreground, that facilitates the

extraction of three dimensional data about objects located in the screen foreground. As

opposed to prior art video-image tracking systems which focus on the user at a

location distant from the display monitor, the system of the current invention focuses

on the immediate screen foreground, from a perspective oriented along, and

substantially parallel to, the XY plane of the screen, rather than focusing on the user.

Thus as the user extends his hand towards a virtual control panel depicted on the

computer screen, his hand enters the scene being imaged by the video system. Three

dimensional coordinates describing the location of the user's hand in space are then

derived from the stereo video images. As the imaged scene is immediately adjacent to

the screen itself, the screen functionally constitutes one of the margins of the image,

defining abscissa of the Z-axis (which is the axis running orthogonally to the plane of

the screen, extending from the screen towards the user) of the imaged scene. A Z-axis

displacement is predefined as being the critical proximity to the screen which, when

attained by the users hand, activates the operational command represented by the

virtual control button (in the XY plane) on the touch screen. By utilizing the Z axis

displacement of the user's hand (or a hand held implement) relative to the screen,

rather than gesture recognition, a functional touch-screen data input system is

achieved based on dual-video image tracking techniques.

In a preferred embodiment, a colored background material placed beneath the

screen foreground enhances the image definition of any objects, such as the user's

finger or a pen, within the screen foreground. The two images are processed by

6
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specialized software within the computer, to define a unidimensional location for each

object in each of the rwo images, or to define other attributes of the objects such as

their colors, shapes, distances from the screen, or orientations in space. The actual

locations of the objects relative to the screen are then calculated from the defined

unidimensional locations. The locations of the objects, or the other defined attributes

of the objects, serve as data inputs for the computer. Alternatively, colored

background material is not utilized, and image-processing techniques utilizing

disparity maps are employed to differentiate the user's hand from the background.

In a second preferred embodiment, a periscope-like optical system is not

utilized, such that only one video image of the screen foreground is captured. An
object (such as a pointer or the user's finger), the width of which has been previously

calibrated, is introduced into the screen foreground. The acquired image is processed

by specialized software within the computer to define a spatial coordinate of the

object relative to the screen, and to define a perceived width of the object. The latter

two parameters are then transformed into screen coordinates by utilizing standardized

conversion factors and constants derived from a previous calibration process.

As the device of the present invention is mounted externally to the computer

monitor, and not integrated into the screen itself, it is easily installed on screens of

different shapes and sizes, and can be moved from one screen to another. The video

camera and periscope optical system is thus simply added on to any existing computer

screen, and the image processisoftware installed in the computer. The PC video

camera used in the device is a standard, non-dedicated camera, which is already a

component of many computer systems. There is no need for any other add-on

hardware other than the camera and the periscope optical system.

According to the teachings of the present invention there is therefore provided a

system for entering data into a computer by interacting with a screen having a

foreground, including a video capture mechanism, operative to capture at least one

image of the screen foreground; and an image processor, operative to identify at least

one object within the image, measure at least one descriptor of the identified object,

and transform the at least one descriptor into a screen coordinate. There is also

described a method for entering data into a computer by interacting with a screen,

including the steps of positioning an object in a foreground of the screen, acquiring at

least one image of the screen foreground, processing each of the at least one acquired

7
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image to identify a first object in the screen foreground, inferring at least one

descriptor of the object in each of the processed images, each of the at least one

descriptor being a coordinate of a point in a virtual space, and effecting a

transformation of the virtual coordinates into screen coordinates describing a location

of a point on the screen. There is further described a system for entering data into a

computer by interacting with a screen having a foreground, including a video capture

mechanism, operative to capture a plurality of simultaneous images of a screen

foreground, each of the simultaneous images depicting the screen foreground from a

different viewpoint
; and an image processor, operative to identify at least one object

within the image, measure at least one descriptor of the identified object, and

transform the at least one descriptor into a screen coordinate. There is also described a

method for entering data into a computer by interacting with a screen, comprising the

steps of positioning an object in a foreground of the screen; acquiring a plurality of

images of the screen foreground, each of the images depicting the screen foreground

from a different viewpoint
; processing each of the plurality of acquired images to

identifya first object in the screen foreground; inferring at least one descriptor of the

object in each of the processed images, each of the at least one descriptor being a

coordinate of a point in a virtual space; and effecting a transformation of the virtual

coordinates into screen coordinates describing a location of a point on the screen.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is herein described, by way of example only, with reference to

the accompanying drawings, wherein:

FIG. 1 is a schematic depiction, from the front and the side, of the hardware

configuration of the present invention, showing typical locations of

the video camera, optical periscope system, and blue background

material, in relation to a computer monitor;

FIG. 2 is a diagram illustrating the functioning of the optical periscope

system;

FIG. 3 is an example of a typical image of a screen foreground as captured

by the video camera (FIG 3a), and the same image after image

processing to identify objects in the screen foreground (FIG. 3b);

8
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FIG. 4 is a graphic depiction of points mapped in the LRV (Left Right

Views) space, and their corresponding XY locations on the display-

screen;

FIG. 5 is a graphic depiction of points mapped in the LRV (Left Right

Views) space, and their corresponding XY locations on the display

screen, showing the location of calibration points;

FIG. 6 is a graphic depiction of points mapped in the LRV (Left Right

Views) space, showing calibration points and calibration areas;

FIG. 7 is a schematic depiction of the hardware configuration of a second

preferred embodiment of the present invention; and

FIG. 8 is a graphic depiction of points mapped in the PW (Position-Width)

space.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention is of a computer touch-screen data input system and

method.

Before explaining at least one embodiment of the invention in detail, it is to be

understood that the invention is not limited in its application to the details of

construction and the arrangement of the components set forth in the following

description or illustrated in the drawings. The invention is capable of other

embodiments or of being practiced or carried out in various ways. Also, it is to be

understood that the phraseology and terminology employed herein is for the purpose

of description and should not be regarded as limiting.

The principles and operation of a computer touch-screen data input system,

according to the present invention, may be better understood with reference to the

drawings and the accompanying description.

Referring now to the drawings, FIG. 1 schematically depicts the hardware

configuration of a first preferred embodiment of the present invention, as seen from

the front and the side. The hardware components of this embodiment are a standard

PC video capture system 10 (such as a PC video camera), a mounting arm to hold

video capture system 10, an optical system 16 including appropriately mounted

reflectors, and an optional sheet of colored material 14. As shown in FIG. 1, video

capture system 10 is located above computer display 12, looking vertically down. In

9
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alternative embodiments, video capture system 10 may be located at any other

location relative to computer display 12 (such as to the side), provided that the

location of video capture system 10 allows for the capture of an image of the

foreground of computer display 12. Optical system 16 is optically coupled to the lens

of video capture system 10. Sheet 14 is located immediately beneath and in front of

computer display 12, such that sheet 14 forms a background for any objects in the

screen foreground of computer display 12. In the preferred embodiment, sheet 14 is a

sheet of blue plastic or paper approximately 80 cm. in length and 8 cm. in width. For a

normal home PC configuration, sheet 14 is placed on the working surface on which

the computer stands, between computer display 12 and the computer keyboard.

FIG. 2 illustrates the functioning of optical system 16. In a preferred

embodiment, optical system 16 includes two pairs of reflectors, such as prisms or

mirrors, such that each pair of reflectors forms a periscope. Hereinafter, the term

"periscope" refers to any optical system which allows a scene to be viewed from a

viewpoint different from the viewpoint at which video capture system 10 is located.

One pair of reflectors, forming a first periscope 18, projects an image onto the upper

half of the image captured by video capture system 10. This projected image is the

view that video capture system 10 would see if it were shifted approximately 10 cm,

ranging from 5-15 cm, to its left. First periscope 18 thus simulates a virtual camera 20

which views the screen foreground from a left-shifted viewpoint. Similarly, a second

pair of reflectors, forming a second periscope 22, projects a right-shifted image onto

the lower half of the image captured by video capture system 10, thus simulating a

second shifted virtual camera 24.

In an alternative embodiment, optical system 16 contains only one periscope,

which generates a shifted image in video capture system 10. In this embodiment, the

second image captured by video capture system 10 is the non-shifted image seen

directly by the video camera. Optical system 16 thus combines two views of the

screen foreground into one image, with the upper half of the image containing the left-

shifted view, and the lower half of the image containing the right-shifted view, or

vice-versa (or, in an alternative embodiment, one half of the image containing a non-

shifted view).

Video capture system 10 preferably is any commercially available PC video

capture system that preferably meets the following specifications:

10
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1. The system can capture color images in RGB format. This is

important because the objects which will be identified in the

screen foreground will be contrasted against a background. In

the preferred embodiment, the system can capture color images

in 24-bit RGB format.

2. The system can supply a frame rate of more than 3 frames per

second, and preferably about 25 frames per second. This is

necessary to ensure that the software monitoring process

(described below) does not skip some touch events.

An example of a digital video capture system suitable for use in the present

invention is a Philips PC Camera (Video Camera Modules/Philips Business

Electronics, Eindhoven, The Netherlands). In an alternative embodiment, in which

optional sheet 14 is not used, a PC video camera which does not capture color images

may be used as video capture system 10.

As no hardware is located immediately in front of the display screen, which

would disrupt the users line of sight, no degradation of the quality of the display

image occurs.

The software component of the current invention controls the operation of

video capture system 10 and analyzes the captured images in real time, so as to

identify and localize objects within the screen foreground. Any object located within

the screen foreground and imaged by video capture system 10 is hereinafter also

referred to as a "perceived object". In the preferred embodiment, the software

component of the current invention is located within the processor of the computer

with which the current touch-screen data entry system is being used. In an alternative

embodiment, the software component may be located externally to the computer with

which the current touch-screen data entry system is being used.

The functioning of the preferred embodiment of the current invention is

detailed below.

The user introduces an object into the screen foreground, for the purpose of

pointing at or touching computer display 12. Generally, the object is a pen, a pointer,

or the user's hand or finger, however any object may be .used provided it does not

have a color on it which is similar to the background color of sheet 14. Video capture

system 10 captures images of the object as it enters and moves through the screen

1 1
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foreground. As explained above, each captured image contains two sub-images of the

screen
,
foreground, as seen from the perspectives of virtual cameras 20 and 24: an

upper sub-image 30 which represents the left-shifted viewpoint, and a lower sub-

image 32. which represents the right-shifted viewpoint, as shown in FIG. 3a.

The software component of the preferred embodiment of the current invention

performs real time simple object recognition. In both sub-images 30 and 32, sheet 14

can be seen in the background, with two fingers 24 and 26 approaching the display

screen. The process of object recognition as performed by the object recognition

software is as follows:

1) The first step is to separate each captured image into it's component

upper and lower sub-images.

H_The second step is to identify objects crossing the background. As such

objects obscure sheet 14, they can be referred to as "obscuring objects".

This process of identification is achieved by separating the background

blue of sheet 14 (in the preferred embodiment) from the non-blue color

of obscuring objects. Therefore, for each pixel of each sub-image, the

three color values (the Red Green Blue numbers) for the pixel are

examined, and a predefined three dimensional decision table is

consulted, so as to determine if the pixel is of the same blue color as

sheet 14. If the pixel is the same color as sheet 14, the pixel is

designated as being "blue" (i.e. corresponding to the background of the

screen foreground). If it is not, the pixel is designated as being "non-

blue"(i.e. corresponding to an object in the screen foreground). The

result of this analysis is a processed image containing either blue or

non-blue (e.g. white) pixels, as shown in FIG. 3b. It will be understood

that the same process can be performed using any background color, in

addition to blue. Multiple obscuring objects can be identified

simultaneously in this manner, provided that they do not overlap one

another.

3i_The processed image is then analyzed by sequentially examining each

row of pixels to identify the occurrence of adjacent white pixels lying

between surrounding blue pixels, forming a horizontal "run" of white

pixels. By "horizontal" is meant an orientation which is approximately

12



parallel to that of the surface of computer display 12. as seen in the

relevant sub-image. Horizontal runs in neighboring rows that are

touching each other are grouped together, and are taken to represent an

obscuring object (such as Finger 24 or 26) in the screen foreground. For

each identified horizontal white run, the center of the run is marked.

The center markings of a group of white runs constitute a vertical

skeleton 28 of the object. By "vertical" is meant an orientation which is

approximately perpendicular to that of the surface of computer display

12, as seen in the relevant sub-image. The pixels that belong to object

skeleton 28 of an obscuring object provide a rough estimation of the

direction in which the obscuring object is pointing.

4i_The next step is to determine the general direction of each object and

the horizontal position of each object on the image. For each object

skeleton 28, the single pixel closest to the surface of computer display

12 could theoretically mark the touching edge of an obscuring object.

However, due to the statistical noise inherent to video images, this

pixel is an unreliable indicator of the true touching edge of an

obscuring object. Therefore, linear regression analysis of the pixels of

object skeleton 28 is used to determine a straight line passing through

the object. The intersection of this straight line with the horizontal

white run closest to the surface of computer display 12, i.e. the white

run at the edge of the object, is designated as the object's "touch point".

5j_The following step is to match the images of the same obscuring object,

as seen in sub-images 30 and 32. with each other. A list of object touch

points, deFmed by their locations on the horizontal axis, is generated for

each sub-image 30 and 32. As the locations of the object touch points

are defined only in terms of the horizontal axis of the image, each entry

.
in this list is said to be a "unidimensional" location of a touch point.

The two lists of unidimensional locations are then merged into one list

according to the horizontal order of the objects found in each list,

resulting in a combined list where each object touch point is designated

with two numbers: a horizontal axis location on left-shifted sub-image

30, and another horizontal axis location on right-shifted sub-image 32.

13
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Each entry in this combined list is therefore a coordinate value defining

the location of a touch point. Furthermore, these coordinates are said to

constitute a two-dimensional virtual space defining the location of the

obscuring object(s) in the screen foreground. Each set of two

coordinates thus describes a location in this two dimensional virtual

space, hereinafter referred to as the "LRV space" (Left Right Views

space).

6) An additional, optional, step is to extract data describing additional

attributes of each obscuring object, such as the object's color, width,

and direction. Thus, the colors of the obscuring pixels (i.e. the pixels

belonging to the obscuring object) are averaged (using the RGB data in

the original, full color, captured image), so as to describe the average

color of the obscuring object. Additionally, a width attribute is

generated for each obscuring object by averaging the lengths of the

white runs of that object, and compensating for the spatial orientation,

position, and direction of the object, all of which may affect the viewed

width of the object. By determining the width attribute of an obscuring

object, different types of objects can be differentiated from each other

(for example, a fist can be differentiated from a finger). The distance of

the obscuring object from the screen is calculated from the location of

the object's touch point relative to that of the surface of computer

display 12. Finally, the angle of the straight line describing object

skeleton 28 is calculated. Thangle describes the direction in which the

obscuring object is pointing (for example, a finger pointing from left to

right versus one pointing from right to left), and is thus an additional

useful attribute of the object.

7) After identification of the objects in a single image is completed, the

image is compared with the previous image, so as to determine whether

objects have appeared, moved, or disappeared.

Once the process of object recognition has been completed, the location of the

obscuring object in the virtual LRV space is transformed into a location (defined by X
and Y coordinates) on the screen of computer display 12 by means of a mathematical

transformation which will be explained in reference to Figures 4, 5, and 6 below. The
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X and V coordinates defining the location of any point on the screen of computer

display 12 are hereinafter also referred to as "screen coordinates".

As explained above, each perceived obscuring object is described in terms of

two coordinates, one specifying its horizontal axis position in sub-image 30

(hereinafter referred to as value VI). and the other specifying its horizontal axis

position in sub-image 32 (hereinafter referred to as value V2).

FIG. 4 shows the result of an experiment in which a single object, located in a

screen foreground and viewed by a dual-image optical system as described above, was

moved along a computer screen so as to trace a set of straight horizontal and vertical

lines, thus forming a grid on the screen surface. The acquired images were processed

to generate a set of VI and V2 values, as described above. The VI and V2 values

were then plotted against each other, resulting in the graph shown on the left side of

FIG. 4. Each point on this graph represents a single touch along the path traced by the

object along the screen surface. The extreme screen points, which are the Left-Top,

Right-Top, Left-Bottom, and Right-Bottom corners of the screen, are marked on the

graph with labels LT, RT, LB, and RB respectively. This gTaph is thus a

representation of the LRV space. On the graph an imaginary continuation of the

vertical screen grid lines (continuing down below the bottom of the screen) is shown.

As these lines are parallel, they meet at infinity, marked by the point labeled Inf. on

the "LRV space" graph. As the path traced by the object on the computer screen is

known, it will be understood that each point depicted on the LRV space graph of FIG.

4 can be matched with a corresponding point on the surface of the computer screen.

These corresponding points are shown in the grid on the right side of FIG. 4, which

depicts the XY screen coordinates of the path traced by the object on the computer

screen. Any point on the "LRV space" graph can therefore be translated into it's

corresponding XY coordinate on the computer screen (i.e. a screen coordinate), once

the calibration between the two coordinate sets is known.

Therefore, each time the device of the current invention is installed on a

computer monitor, or its position on a computer monitor is altered, a manual

calibration procedure is performed.

The calibration procedure is performed as follows:

1
.

video capture system 1 0 is activated.

2. Eight predefined points, hereinafter also referred to as "standard
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points on the screen", are shown to the user on the computer screen,

and the user is asked to touch each point, one at a time. The VI and

V2 values for each point touched by the user are recorded. Thus, at

the end of the recording process 8 sets have been generated, with 4

numbers in each set (X„ Y„ Vl jt and V2„ where "i" runs from 1 to S

and identifies each of the eight calibration points touched on the

screen, and X and Y represent the actual coordinates of the

calibration points on the computer screen surface). The locations of

the eight calibration points are predefined such that they cover most

of the screen, as shown by the 8 dots (labeled 41 to 48) on FIG. 5.

The software application then automatically calculates the

calibration between the coordinates in each of the eight sets.

3. On the LRV graph "Vertical Lines" (by which is meant lines that, on

the computer screen XY space, are vertical) are constructed. These

lines connect points 41 to 45, 42 to 46, 43 to 47, and 44 to 48.

Similarly, six "horizontal lines" are constructed connecting points

41 to 42, 42 to 43, 43 to 44, 45 to 46, 46 to 47, and 47 to 48. These

straight lines (shown in FIG. 6) thus divide the LRV space into

several areas.

In an alternative embodiment, a calibration procedure is performed

automatically (as opposed to the manual procedure described above). In this

alternative embodiment, the computer screen displays several white dots against a

black background, the white dots being positioned at predefined locations on the

screen. Video capture system 10 captures two simultaneous images of the computer

screen. The captured images are then image processed to identify the white dots, and,

by a procedure analogous to that described above for manual calibration, the screen

coordinates for each white dot are correlated with the LRV virtual space coordinates

generated from the two images.

As this calibration is easily and rapidly performed, and as the hardware of the

present invention is located externally to the computer touch-screen (and is thus easily

mountable and removable) the system of the current invention can easily be

transferred from one computer to another, and can easily be adapted to screens of

different sizes.
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In a further alternative embodiment of the current invention, sheet 14 is not

included in the system. In terms of this embodiment, objects (implements or the users

hand) introduced into the screen foreground are not identified and localized by means

of analyzing their color characteristics, as contrasted against a specific background

color (such as blue). Rather, the coordinates of a screen foreground object in the LRV
space are derived as follows:

For each pixel in sub-image 30 a single matching pixel in sub-image 32 is

identified, by building a "disparity map". This process is facilitated by checking

matches along epipolar lines, and can be achieved for most pixels. The processes of

generating disparity maps and checking matches along epipolar lines have been well

described in the prior art (Milan Sonka, Vaclav Hlavac, and Roger Boyle: Processing,

Analysis, and Machine Vision, 2nd Edition, published by PWS - an Imprint of Brooks

and Cole Publishing, 1998, ISBN 0-534-95393-X) which is incorporated herein by

reference. Pixels in subimage 30 which represent an object that is obscured in sub-

image 32, or vice-versa, are ignored. Each pair of pixels is then mapped into a screen

foreground XYZ position using projective transformations. The pixels that come from

the background are separated from objects in the screen foreground by noticing that

their Y coordinates (indicative of the height of the object above the background) are

significantly below the screen bottom. These "background" pixels are then discarded.

Thus, in this embodiment, the software builds an internal three-dimensional modil of

the imaged objects using algorithms well known in the art for analyzing stereo

images. These algorithms use information gathered from the two viewpoints to

calculate the XYZ coordinate of each pixel that is seen in both images. This three-

dimensional information is used to separate the background from moving objects on

top of that background. The background may be the desk on which the computer

screen stands, while the moving objects may be the user's hands, or tools that operate

in the screen foreground in relation to objects and images depicted on the screen. If

there is a need to image objects that are hidden by other objects, additional stereo

cameras are added at different places.

In this embodiment, a self-calibration process is implemented using

techniques well known in the art wherein the user waves one finger in front of the

camera while the software leams about matching points in the two views.

The mathematical transformation used to translate a point on the LRV space
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into it's corresponding XY coordinate on the computer screen is as foil:

1. The LRV point is first classified as falling within one of the areas

into which the LRV space was divided during the calibration

process.

2. If the LRV point is within an area surrounded by four calibration

points, linear interpolation using the LRV coordinates and the four

calibration coordinates is performed, to calculate the corresponding

XY coordinate on the computer screen. If the LRV point is within an

area bordered by only two calibration points (i.e. an area on the

periphery of the LRV space), linear extrapolation using the

neighboring lines and the relevant LRV and calibration coordinates

is performed, to calculate the corresponding XY coordinate on the

computer screen.

The shortest distance between the touch-point and the surface of computer

display 12 is then measured in the "Z axis" of the computer screen. If the touch-point

is found to be within a maximum predefined distance from the surface of the screen

(for example, 2 cm), the touch point is defined as "touching" the screen. When the

touch-point is defined as touching the screen, the computer screen XY coordinate

which was calculated as described above is input to the host computer, thus

completing the process of touch-screen data input.

In an alternative embodiment, the same principles as described above for

defining a two-dimensional XY coordinate within the screen foreground can be used

to define a three-dimensional XYZ coordinate within the screen foreground. This is

achieved by acquiring and processing three or more simultaneous sub-images of the

screen foreground, describing unidimensional locations of a perceived object in each

sub-image, combining the unidimensional values into a multidimensional coordinate

describing the location of the perceived object in a three-dimensional virtual space,

and then transforming the virtual space coordinates into three-dimensional screen

foreground XYZ coordinates for the perceived object.

FIG. 7 is a schematic depiction of a second preferred embodiment of the

present invention. The hardware components of this embodiment are standard PC
video capture system 10 (as described above for the first preferred embodiment), a

mounting arm to hold video capture system 10 (not shown), and an optional sheet of
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colored material 14. As in the first preferred embodiment, video capture system 10 is

located above computer display 12. looking vertically down. Note that in this

embodiment, as compared to the first preferred embodiment, optical system 16 is not

utilized.
r

The functioning of this second preferred embodiment is as follows.

The user introduces an object 60 into the screen foreground, for the purpose of

pointing at or touching computer display 12. Object 60 is any object which can be

used as a pointer (such as a pen. a pointer, a ruler, or the users hand or finger), and

which was used to perform an initial calibration procedure, the details of which are

described below. Video capture system 10 captures images of object 60 as it enters

and moves through the screen foreground. Each of these captured images is then

processed by the object recognition software, which performs real time simple object

recognition as described below:

JjL_First, object 60 crossing the background is identified. This process of

identification is achieved in a manner identical to that described above

for the first preferred embodiment. Thus, the background blue of sheet

14 is separated from the non-blue color of object 60, to produce a

processed image containing either blue or non-blue (i.e. white) pixels.

The processed image is then analyzed by sequentially examining each

row of pixels to identify the occurrence of adjacent white pixels lying

between surrounding blue pixels, forming horizontal "runs" of white

pixels. Horizontal runs in neighboring rows that are touching each

other are grouped together, and are taken to represent object 60.

2J_A vertical skeleton 28, and a touchpoint, of object 60 are then marked,

in a manner identical to that described above for the first preferred

embodiment.

3)_The unidimensional location of the touchpoint on the horizontal axis

.
(P) is then defined.

4) The width of object 60, as perceived in the processed image, is then

calculated from the lengths of the horizontal runs of white pixels in the

processed image. As this measured width is not the actual width of

object 60, but is rather the width of the image of object 60, this

measured width can be described as being a "perceived width". By
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"perceived width" is meant the width of an image of an object, rather

than the true width of the object itself. It will be understood that the

perceived width of an object is determined by two factors (assuming

that no magnification or reduction of the image occurs): the actual

width of the object, and the distance (D) of the object from the camera

generating the image being measured. As the object approaches the

camera, therefore, its perceived width approaches that of the actual

width of the object. Conversely, as the object becomes more distant

from the camera, its perceived width diminishes, approaching zero as

the object approaches infinity. A "Perceived Width" value (W) for

object 60 is thus obtained, this Perceived Width value being an

expression of the unidimensional location of object 60 on the Z axis

(that is, the axis running towards or away from video capture system

1 0) of the screen foreground.

The unidimensional location of object 60 on the Z axis (the Perceived Width

value- W) is then combined with the unidimensional location of the touchpoint on the

horizontal axis (P) to give a coordinate set defining a point in a two-dimensional

virtual space, hereinafter called the "PW" (Position-Width) space. The PW space is

thus a polar coordinate space, akin to the LRV space described above for the first

preferred embodiment.

FIG. 8 is a graphical depiction of the PW space. The graph shown in the figure

shows the result of an experiment in which a single object was located in a screen

foreground and viewed by a video imaging system as described above. The object

was moved along a computer screen so as to trace a set of straight horizontal and

vertical lines, thus forming a grid on the screen surface. The acquired images were

processed to generate a set of P and W values, and the generated values were plotted

against each other, resulting in the graph shown. The coordinates corresponding to the

left top, right top, left bottom and right bottom comers of the screen are marked as

LT, RT, LB, and RB respectively. Also marked is the point at which extensions of

the left and right screen borders meet. As the screen borders are parallel, this point is

at infinity, and appropriately corresponds to a Perceived Width value of zero.

The location of object 60 in the virtual PW space is then transformed into a

location (defined by X and Y coordinates) on the screen of computer display 12 by
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mapping polar coordinates from the PW space to the XY space, using the following

formulae:

i) D = K/W
ii) 6 = a * P -f b

iii) X = Xc + D * sin (0)

iv) Y = Yc + D * cos (9)

where:

"P" is the measured horizontal position of an object in the screen

foreground, in pixels;

"W" is the width of that object in pixels, as measured on an

acquired video image;

"D" is the distance between the object and the camera, measured

in screen pixel units;

"K" is a constant describing the transformation between W and D;

6 is the angle, in radians, between the axis of the camera lens and

the location of the object, when the axis of the camera

lens is assumed to be aligned with the center of the screen

foreground (such that 0 is zero when the object is at the

center of the screen foreground);

"X" is the screen X-axis coordinate of the object , in screen pixel

units;

"Xc" is the screen X-axis coordinate of the camera (obtained by

extrapolation from the screen XY grid) in screen pixel

units;

"Y" is the screen Y-axis coordinate of the object , in screen pixel

units;

"Yc" is the screen Y-axis coordinate of the camera (obtained by

extrapolation from the screen XY grid) in screen pixel

units;

"a" is a conversion factor describing the linear transformation

between P (measured ipixels) and 0 (measured in
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radians); and

"b" is a constant describing the angle (in radians) between the

axis of the camera lens and the center of the screen

foreground.

The constants used in this mapping process (K, a, b, Xc, and Yc) are

calculated from data acquired during a calibration procedure. The calibration

procedure is performed as follows:

1. video capture system 10 is activated.

2. Eight predefined points, also referred to as "standard points on the

screen", are shown to the user on the computer screen, and the user

is asked to touch each point, one at a time. The P and W values for

each point touched by the user are recorded. Thus, at the end of the

recording process 8 sets have been generated, with 4 numbers in

each set (X„ Y
it P„ and W„ where "i" runs from 1 to 8 and identifies

each of the eight calibration points touched on the screen, and X and

Y represent the actual coordinates of the calibration points on the

computer screen surface). The locations of the eight calibration

points are predefined such that they cover most of the screen.

Once the above calibration procedure is complete, the software application

uses the 8 calibration point data sets to calculate the values of the mapping constants

(K, a, b, Xc, and Yc).

It should be noted that in the second preferred embodiment of the present

invention, any object may be used as a pointer in the screen foreground, provided that

the object is of identical width to the object which was used to perform the initial

calibration process. So too, multiple objects may be used simultaneously, provided

that they are all of the same width as the calibration object.

Focusing the dual-video tracking system on the immediate screen foreground,

such that the user is able to focus on both his hand and the computer screen

simultaneously, allows for the expansion of the touch-screen data input system of the

current invention to include a wide spectrum of hand manipulations (other than the

standard manipulation of "pushing a button") as potential activators of operational

commands. Thus virtual objects depicted on the display monitor may be manipulated
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by the user in a manner closely emulating natural object manipulation (the user

extends his hand towards the object on the screen and then presses, pushes, pulls, or

rotates the object under direct visualization, as if the object were within his grasp).

This "direct" method of virtual-object manipulation simulates the usual real-life

relationship between a human operator and an operational tool in a manner which is

more realistic than that achievable by prior an systems, in which the virtual object on

the screen is distant from the users hand, and out of his view.

There are several potential applications for the current invention:

1. The system may be used for activation of any computer software that utilizes a

Graphical User Interface (GUT). Usual GUI objects (buttons, menus, scroll bars,

etc.) can be activated by the user extending his finger towards the location of a

GUI button on the screen. As the user's finger approaches the screen, the GUI

button is pressed. As the user's finger retracts, the button is released.

2. The system may be used to activate a "zoom" function when viewing two-

dimensional images on a computer screen. As the user's hand approaches the

screen, the image zooms up onto that part of the 2-D image being pointed at by

the user.

3. As the system tracks moving objects in the screen foreground over time, specific

movement paths can be used to input operational commands to the computer. For

example, as the user moves his finger along a path in the shape of an approximate

circle, virtual objects on the screen can be made to rotate. Another example could

be closing an application in reaction to the user moving his finger along a path that

has the shape of the Latin letter "X". Furthermore, as the system can track

multiple objects in the screen foreground simultaneously, complex operational

commands can be input by performing simultaneous movements with two hands

or fingers. For example, if the user extends both his hands towards a virtual 3D

object depicted on the screen and then moves both hands one towards the other in

a short rapid movement (as if closing his hands on the object), the system can

understand this closing as "grabbing"of the object. The user can then "rotate" the

object by moving his hands as he would if he were rotating a real life object. A
similar operation (rotation) can be achieved with one hand only as the system

tracks the approaching of one hand, closing of the fingers, rotation of the hand,

and finally opening of the hand to signal letting go of the object.
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There has therefore been described a computer touch-screen data entry system

which is able to process multiple simultaneous touches, can easily be transferred from

one computer display screen to another, can easily be adapted to screens of different

sizes, does not degrade the quality of the display image, can sense any object which is

used to touch the screen, can be used with computer screens which are not necessarily

flat, and can sense additional object attributes (in addition to object location on the

screen) for purposes of data input.
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9. A method for entering data into a computer by interacting with a screen,

comprising the steps of

a) positioning an object in a foreground of the screen;

b) acquiring a plurality of images of said screen foreground, each

of said images depicting said screen foreground from a

different viewpoint

;

c) processing each of said plurality of acquired

images to identifya first object in said screen foreground;

d) inferring at least one descriptor of said object in each of said

processed images, each of said at least one descriptor being a

coordinate of a point in a virtual space; and

e) effecting a transformation of said virtual coordinates into

screen coordinates describing a location of a point on the

screen.

10. The method of claim 9, wherein said inferring of said unidimensional location

includes defining a point of intersection between a border of said identified object and

a midline of said object.

11. The method of claim 10, wherein said midline is derived by linear regression

analysis.

12. The method of claim 9, wherein said descriptors include a descriptor of a

width of said object and a descriptor of a spatial coordinate of said object.

13. The method of claim 12, wherein said inferring of said spatial coordinate

includes defining a point of intersection between a border of said identified object and

a midline of said object.

14. The method of claim 13. wherein said midline is derived by linear regression

analysis.
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15. The metof claim 9, wherein said transforming of said virtual coordinates into

said screen coordinates includes linear interpolation.

16. The method of claim 9, wherein said transforming of said virtual coordinates

into said screen coordinates includes linear extrapolation.

1 7. The method of claim 9, further comprising the step of

e) providing a colored background for said screen foreground,

and wherein said processing includes designating the color of at least one pixel of said

image as matching said colored background.

1 8. The method of claim 9, further comprising the step of

e) inferring an attribute, of said identified object, selected from

the group consisting of a color of said object, a spatial

orientation of said object, and a size of said object.

19. The method of claim 9, further comprising the step of

e) calibrating said transformation.

20. The method of claim 19, wherein said calibration is effected by correlating a

plurality of points in said virtual space with a corresponding plurality of standard

points on the screen.

21. The method of claim 20, wherein for each of said standard points on the

screen, said correlation is effected by,

i) positioning a second object in said screen foreground opposite

said standard point on the screen;

ii) acquiring simultaneous images of said screen foreground, each

of said simultaneous images depicting said screen foreground

from a different viewpoint;

iii) processing each of said acquired simultaneous images to

identify said second object in said screen foreground; and

iv) inferring a spatial coordinate for said identified second

27



WO 99/40562 PCT/IL99/00083

object in each of said processed images; each of

said spatial coordinates being a coordinate of one of

said plurality of points in said virtual space.

22. The method of claim 20. wherein for each of said standard points on the

screen, said correlation is effected by,

i) positioning a second object in said screen foreground opposite

said standard point on the screen;

ii) acquiring a second image of said screen foreground;

iii) processing said acquired second image to identify said

second object in said screen foreground; and

iv) inferring a descriptor of a width of said identified second

object and a descriptor of a location of said identified second

object, each of said descriptors of said second object being a

coordinate of one of said plurality of points in said virtual

space.

23. A system for entering data into a computer by interacting with a screen having

a foreground, the system comprising:

(a) a video capture mechanism, operative to capture at least one image of

the screen foreground; and

(b) an image processor, operative to identify at least one object within said

at least one image, measure at least one descriptor of the at least one

object, and transform the at least one descriptor into a screen

coordinate.

24. A method for entering data into a computer by interacting with a screen, the

method comprising the steps of:

(a) positioning an object in a foreground of the screen;

(b) acquiring at least one image of the screen foreground;

(c) processing said at least one image to identify at least one object in the

screen foreground; and

(d) inferring at least one descriptor of the object, said at least one
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descriptor being a coordinate of a point in a virtual space, and effecting

a transformation of virtual coordinates of said virtual space into screen

coordinates describing a location of a point on the screen.
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